Protein kinase A-dependent synergism between GATA factors and the nuclear receptor, liver receptor homolog-1, regulates human aromatase (CYP19) PII promoter activity in breast cancer cells.
Cancers, including that of the breast, are the result of multiple contributing factors including aberrant gene expression. Indeed, the CYP19 gene encoding P450 aromatase, the key enzyme for estrogen biosynthesis, is up-regulated in breast tumors predominantly via the cAMP-responsive gonad-type PII promoter, ultimately leading to increased intratumoral estrogen production and tumor growth. Thus, identifying the molecular factors involved in aromatase PII promoter regulation is essential for our understanding and treatment of the disease. Because we have previously shown activity of the murine aromatase PII promoter to be markedly up-regulated by GATA factors with respect to the gonads, we hypothesized that GATA factors are also key determinants of human PII promoter-driven aromatase transcription in breast tumors. We now show that GATA3 and GATA4 are indeed expressed in several breast cancer cells lines. Consistent with the cAMP dependence of the PII promoter, activation elicited by GATA3 or GATA4 alone and the striking synergism between GATA3 or GATA4 and the nuclear receptor liver receptor homolog (LRH)-1 was intimately linked to forskolin treatment or overexpression of protein kinase A (PKA) catalytic subunit. PKA-mediated phosphorylation increases the interaction between GATA3 and LRH-1 and the requirement for PKA in aromatase PII promoter stimulation involves at least three specific amino acid residues: GATA3 Ser308, GATA4 Ser261, and LRH-1 Ser469. Finally, we show that the human LRH-1 promoter is itself a target for GATA factors. Thus, taken together, our results suggest that GATA factors likely contribute to aberrant aromatase expression in breast tumors through two distinct, yet complementary mechanisms.